INTRODUCTION 39
Restructured fishery products are processed from minced and/or chopped muscle, 40 usually with added ingredients, to make products with a new appearance and texture. 41
For some time now there have been products in the form of fingers or other shapes 42 produced by cutting from frozen or semi-frozen fish or mince blocks, which are covered 43 in breadcrumbs or batter then re-frozen for using as fried products. The last 30 years 44 have seen the development of a new generation of fishery products called analogues or 45 kg -1 microbial MTGase (10g kg -1 of commercial product) and 15g kg -1 of sodium 102 caseinate has been determined to be one of the best for reestructuring with minced fish 103 muscle. 104
The aim of this work was to determine the importance of different variables in the 105 gelification of a minced fish muscle with a view to elaborating a raw restructured fish 106 product. Another aim was to study the correspondence between mechanical properties 107 and water retention of fish muscle cold-gelled with alginates and transglutaminase and 108 the kind of physicochemical bonds formed. 109 110 111
MATERIALS AND METHODS 112

Raw materials and additives 113
The raw material was fillets of hake (Merluccius capensis) caught two-three months 114 previously, frozen on board and stored at -20ºC. 115
Two kind of restructured products were studied, the first with alginate and the second 116 with MTGase. The ingredients in the first case were sodium chloride, calcium chloride 117 (Panreac Quimica, S.A.; Barcelona, Spain) and sodium alginate (Degussa Texturant 118 Systems España, S.A.; Barcelona, Spain). The proportions of ingredients are shown in 119 were mixed to constitute fraction 1 (S1). Solution B (50 ml) was then added to the 210 resulting precipitate, which was homogenized (1 min, 2-4 ºC), stirred (24 h, 4 ºC) under 211 the conditions described above and then centrifuged (20000 x g, 4 ºC, 30 min) also by 212 twice. The combination of the two supernatants was fraction 2 (S2). To summarize, the 213 following fractions were collected: salt-soluble fraction (S1), urea-soluble fraction (S2) 214 and an insoluble residue (S3). Soluble protein concentration (%) in S1 and S2 was 215 determined by the Lowry method. 23 According to Kauzman 24 , and others, S1 is 216 associated with proteins remaining in a native-like conformation, intermolecularly 217 associated by electrostatic bonds; S2 is considered to be composed of aggregates 218 intermolecularly linked by hydrophobic interactions and hydrogen bonds; and fraction 219 S3 is considered to be composed of muscle protein aggregates linked by covalent, 220 disulphide and other bonds and other insoluble proteins, mainly collagen. 221
The difference among means was analysed using a Tukey HSD test (p<0.05). 225
226
RESULTS AND DISCUSSION 227
Proximate and functional analysis of fish muscle 228
The major constituents of the raw sample were: moisture 80.82 ± 0.14 %, protein 16.25 229 ± 0.77 %, fat 1.22 ± 0.2 % and ashes 1.62 ±0.08 %. As the proximate analysis shows, 230 the muscle had very little fat and a high proportion of protein. 231
The apparent viscosity determined in a muscle homogenate was 4989 cP. This 232 correlates with the functional quality of fish muscle protein. 25, 26 On the basis of these 233 viscosity data, the quality of this frozen fish muscle may be rated between high and 234 good. 
Mechanical properties of restructured products 237
Role of alginates 238
Breaking force, breaking deformation and work of penetration in samples restructured 239 with alginate are presented in Table 3 . Penetration work was significantly higher 240 (attributed to both breaking force and deformation) in all samples with alginates than in 241 control sample without alginate, but it was especially higher in samples in which the 242 level of calcium chloride was lower (1g kg -1 ) (A1 and A3 
Chemical properties of restructured products 305
Role of alginates 306
The values of solubility in different buffers, that reflects the types of bonds formed 307 between alginates and proteins, are presented in Figure 1a . Samples A1 and A3, with 308 low calcium contents, presented solubility values in solutions S2 and S3 which did not 309 differ significantly from the control sample (CA), which had no added alginate or 310 calcium. At the same time, as reported above, these samples presented higher work of 311 penetration and better WBC than AC, A2 and A4 (Table 3 ) and could therefore be 312 considered better gels. These results suggest that the alginate established its own gel-313 net, which somehow enhanced the gelification of the minced muscle, but not by 314 establishing protein-protein or protein-alginate bonds. There are some contradictions in 315 the literature regarding the kinds of bonds formed between proteins and alginates. Some 316 researchers have reported that ionic bonds are established between negative groups of 317 alginates and positive groups of myofibrillar proteins and amino acids; 35 others, among 318 them Montero et al. 4 , reported some interaction between alginates and proteins after 319 analysing the microstructure by scanning microscopy. Urdangarin et al. 1 reported that 320 alginate was covalently attached to myosin heavy chain through the Maillard reaction 321 between the ε-amino group of protein lysine and the reducing terminus of alginate; 322 however, in the present work, given the storage temperatures it does not seem possiblethat Maillard reactions could have been established. In previous unpublished work 324 carried out in our laboratory, in which fresh hake (Merluccius capensis) muscle was 325 restructured with added alginate, covalent protein-protein or alginate-protein bonds 326 were established. What has probably happened in the present work, is that in the raw 327 material the protein has aggregated to some extent as apparent viscosity values show. 328
As a consequence the myofibrillar proteins would be poorly suitable for bonding to 329 alginates. Solubility S2, consisting of protein molecules linked by hydrophobic 330 interactions and hydrogen bonds, was higher in samples A2 and A4 than in the rest, 331 while S3, consisting of protein molecules bound by covalent bonds, was lower in the 332 same samples. This means that these were the most significant of the bonds implicated 333 in gelification. 334 335
Role of MTGase 336
As regards the analysis of solubility in different buffers to determine what bonds were 337 established in samples with added MTGase (Figure 1b) protein molecules so that ε-(γ-glutamyl)lysine crosslinks are formed; these bonds are 342 more abundant when MTGase is accompanied by sodium caseinate. 17 The mechanical 343 properties were consistent with the increase of S3, and hence also with the number of 344 covalent bonds formed. When sodium caseinate was added to mince without MTGase 345 (Mt1), S1 increased significantly, which means that the bonds, even the weak ones, 346 were solubilized; on the other hand, puncture test values show that the work of 347 penetration was higher. The presence of Na + ions probably helps to achieve better 348 weak bonds. Hydrophobic bonds did not change with respect to the control (MtC); in 350 this connection Imm and Regenstin 38 likewise found no increase of hydrophobicity 351 when casein was added to a myosin dispersion. 352
353
Electrophoretic analyses 354
Role of alginates 355
The myosin heavy chain (MHC) band decreased when different proportions of sodium 356 alginate were added to sample (Figure 2a) . In samples A1 and A3, with different 357
proportions of alginate and a minimal proportion of CaCl 2 , the reduction of the MHC 358 band with respect to the control (AC) was greater (A1, 26.5% and A3, 27.2%) than in 359 samples with more CaCl 2 (A2, 48.6% and A4, 35.9%) (Figure 2a ). These data suggest 360 that a smaller amount of CaCl 2 favours the diminishment of MHC, probably due to 361 protein-protein or alginate-protein polymerization. This assertion is consistent with the 362 higher insoluble fraction (S3) found in the solubility test, indicating the formation of a 363 larger number of covalent bonds (Figure 1a) . It is also consistent with a higher breaking 364 force and breaking deformation in samples A1 and A3 than in A2 and A4. Also, the 365 higher polymerization of samples A1 and A3 correlates with higher WBC. 366 367
Role of MTG-ase 368
A glance at Figure 2b shows that there was a per cent decrease in MHC bands when 369
MTGase was added (Mt2, 54.9% and Mt3, 53.6% with respect to the control MtC). This 370 decrease was accompanied by an increase in the number of polymer bands in the 371 stacking gel, but not entering the resolving gel. This was also reported by Lee et al. 8 in 372 fish samples with MTG-ase with setting at 25ºC. Table 2.   504  505  506  507  508  509  510  511  512  513  514 Table 1 Figure 2b: % of Miosyne Heavy Change of samples with MTGase *Sample codes in Table 2 .
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